We present an analysis of new observations of a peculiar galaxy PGC 60020, obtained with the 6-m BTA telescope of the SAO RAS with a multimode SCORPIO instrument.
Introduction
Polar-ring galaxies (PRG) are a rare class of dynamically peculiar systems, where a ring or a disk consisting of gas, dust and stars is rotating around the major axis of the main body near the polar plane [1] . It is believed that such polar structures can emerge either from the interaction or even a merger of galaxies, or as a result of accretion of gaseous filaments from the intergalactic medium to the main galaxy ([2 4], etc.). The unique geometry of PRGs allows to obtain the data on the three-dimensional distribution of the central galaxy's potential and about the dark halo [5 7] , which only increases the interest to these objects.
The catalog of PRGs and related objects by Whitmore et al. [1] , based on the photographic images includes 157 galaxies. To date, the existence of kinematic systems, rotating in different planes (classical PRGs) is confirmed only in about two dozen of them. A small number of known objects does not yet allow to make more or less definite conclusions about their nature, rotating in different planes has already been confirmed for about 10 galaxies from this catalog. This paper is devoted to the spectral and photometric investigation of the PGC 60020 galaxy.
In appearance, this galaxy is similar to the PRGs. This was first noticed by I. D. Karachentsev (SAO RAS). He suggested that it belongs to the PRG class of objects and kindly offered to include PGC 60020 in the program of our research of the PRG candidates. The first spectral observations of this galaxy, performed at the 6-m BTA telescope of the SAO RAS in 2008 have confirmed the existence of two kinematic gaseous subsystems, one of which is related to the main body of the galaxy, and the other one to the suspected PR [9] . Judging on its external features, PGC 60020 was included in the new SPRC catalog under the number SPRC-67 as a possible PRG candidate. We present the results of our observations of PGC 60020 and their discussion in this paper. The next section gives a brief about the instruments the observations were made with, and the data processing method. Further, sections 3 and 4 present the results of our study of the morphology and kinematics of PGC 60020. The conclusion discusses all the results we obtained.
Observations and processing
The observations of the PGC 60020 galaxy were performed at the 6-m BTA telescope of the Special Astrophysical Observatory of the Russian Academy of Sciences (SAO RAS observational data reduction was carried out using the ESO MIDAS software package. Correcting for the atmosphere, we used the mean transparency coefficients of the BTA location [12] .
The accuracy of measurement of the integral magnitude of the galaxy amounts to ±0. m 1.
Spectral observations were also carried out in the primary focus of the 6-m telescope with the SCORPIO focal reducer in the long slit spectral observations mode, using the VPHG1200R grism; the slit width amounted to 1 ′′ , the scale along the slit was 0. ′′ 357/px, and spectral resolution amounted to 5Å. The log of observations is presented in Table 2 . impression that from the southern end of the suspected PR a luminous arc stretches to one of these objects, located at a distance of 22. ′′ 2 to the south-east from the PGC 60020 center.
This object is identified as the SDSS J171745.58+404137.1 galaxy. However, to date, neither its morphology, nor redshift are known. For the other two faint galaxies such data are also absent. The presence of a luminous arc between PGC 60020 and SDSS J171745.58+404137.1 allows to suspect that the latter belongs to the close neighborhood of PGC 60020, and further in this paper we shall call the given object a "companion" galaxy.
To clarify the structural features of PGC 60020, the unsharp masking image manipulation technique was applied, where the Gaussian smoothing was performed with a σ ≈ 7 ′′ window of the studied galaxy. The isophote analysis (of the frames in the B and R c -bands) was performed in the IRAF environment. For each value of the major axis (a) we computed the ellipticity (ǫ ell ) and the position angle of the major axis of the inscribed ellipses (PA ell ), which was measured from the 6 direction to north towards east, as well as the dimensionless coefficients of the third and the fourth harmonics in the Fourier series expansion. The difference between the coefficients of these harmonics, especially the third one, in the B and R c -bands is a reliable indicator of the presence of dust in the galaxy [18] . The findings of this analysis are presented in Fig. 3 . Overall, the behavior of the ǫ ell and PA ell ellipse parameter variability in both filters is about the same (Fig. 3a and b) • . Such a variation of PA ell is most likely due to the fact that at these distances, the surface brightness of the ring becomes comparable to the surface brightness of the main body of PGC 60020. In this case, the shape of the outer isophotes gets distorted, and the position angle of the major axis of the galaxy itself (PA gal ) does not vary (see Fig. 2 ).
In the central region of the galaxy (a ≤ 10-15 ′′ ) the coefficients of the cosine and sine of the third and fourth harmonics (A3, A4, B3, B4) are close to zero in both filters, then their values become nonzero, but the differences in the B and R c filters are observed only in the A3 coefficient. Figure 3c shows that up to a ≈ 15 ′′ the value of A3 is approximately equal to zero.
Further, it becomes negative, and a little difference emerges between the filters, amounting to 0.02-0.03. Based on this we can conclude that the main body of the galaxy is poor in dust, though a small amount of dust may be present in the ring.
As a result of studying the photometric structure of PGC 60020, we have taken that the position angle of the major axis of the galaxy PA gal = 115 we can find the angle between the disk and the ring from the expression:
where i 1 , i 2 are the disk and ring inclination angles to the sky plane, PA 1 , PA 2 are the position angles of the major axes of the galactic disk and the ring. This angle was found to be 54
• and 115
• ± 4
• .
In conclusion, let us say a few words about the structure of the companion galaxy. Its surface brightness is low, the images in all filters are amorphous, without any features. As noted above, it is elliptical in shape. The scale of the major axis of the ellipse in the B-band from the µ B = 25.0 mag/ ′′ isophote is about 4. ′′ 3, the ratio of the semiaxes amounts to about 0.56, and the ellipticity is approximately 0.4. This value corresponds to the ellipticity of E4-E5 galaxies. 8
Photometric properties of galaxies
Apparent integral magnitudes and color indices of the PGC 60020 galaxy and its companion were determined using the multiaperture photometry [19] with the accuracy of ±0. m 1, as stated above. The integral values, corrected for the extinction in our Galaxy [20] are listed in Table 3 .
The apparent magnitude of PGC 60020 that we obtained, B t,0 = 15. m 6 coincides with the value given in the LEDA database within the limits of error. Calculating the absolute magnitude M B , we have introduced a correction for redshift. The integral B-V color index of PGC 60020 is by about 0. m 2 redder than the average color index of the early-type galaxies. As shown above, this fact can not be explained by the presence of dust. Regarding the value of V-R c , we can assume that within the errors its value coincides with the color indices of E-S0-type galaxies.
Since a major part of the ring is projected on the main body of the galaxy, its luminosity can not be reliably estimated. We can only find the apparent integral magnitude of two prominent luminous regions located to the north and south of the main body of the galaxy. Their integral magnitude is about 19 m , which is about 4% of the total luminosity of PGC 60020.
Integral color indices of the companion are similar to the indices of elliptical galaxies within the limits of error.
The Using the found parameters of the bulge and the disk a two-dimensional model of the galaxy was constructed. At that, we assumed that the position angle of the photometric axis amounts to 115
• , and the inclination of the bulge and the disk of PGC 60020 to the sky plane is 65
The residual brightness distribution, obtained by subtracting the two-dimensional model from the galaxy image in the B-band is shown in Fig. 5b . It clearly demonstrates an increase of differences between the observed and model brightness distributions in the region of the ring.
We also estimated the total luminosity ratio of the bulge and the disk B/D. It was found to be 0.6, a value typical of S0 or Sa galaxies [21] .
Results of spectroscopic observations
Long-silt spectra of PGC 60020 were obtained along the major axes of the main body (PA = 115 To construct the stellar radial velocity curves using the cross-correlation method, the spectrum of the galactic nucleus was used, since the spectra of template stars were not be obtained.
We succeeded in constructing the curves of stellar radial velocities along the major axis of the galaxy (PA = 115 • ), and along PA = -10
• up to the distances of r = 8-10 ′′ , and about 4 ′′ from the center, respectively (Fig. 6 ). These curves do not manifest any specific features, observations. This means that the absorption lines in the spectra along PA = 115
• and -10
